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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a structure of a 
field effect transistor for realizing an integratsd 
drcutt capable of rerrarlcably reducing a power 
consumption and rapidly operating as compared with an 
int^ rated circuit constituted of a conventional 
SI-MOSFET. 

SOLUTION: A substrato 5 s obtained by forming an 
ineulating film 2 on a supporting base 1 and lamrating 
wt SiGe buffer layer 3 (first aciniconductor layer) of a 
high Ge composition of 30 atrn.% or more and a channel 
layer (second semiconductor layer) made of an SiGe layer 
containing mere Ge than that of the Ge layer or the 
first serrriconductor layer on the fSm 2, A source region 
and a drain region 6 are formed on the substrate 5, arKi 
conriKted to a source etectrode (not shown) and a drain 
electrode (not shown), respectively. 
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(57) imm 

mm] i -MOSFETT-1«^$iaJtA«Ill 

o 

^MyK2±{cG e Oat m%JjLh<01^G e ffl^ 

OS i Ge^N'-y7Tii3 (^liO^ftcii) i:, GeS 
1 1 < l±m 1 i 0 t7)G e Sr-^tf S i G e 

«s (las^^) . vu-fymm i^m^-t) izmi^^ti 
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^mm-p^mizmf^titzGemMt^s O a t m% 

JjLhcT) S i G e^ItiSt . mne^Jit^^tWcT)^®^^ 
^t^>/^7t. BOIBS i Ge«iSJ: >9^< G e ^-^-tf S i G 
e t < JiG e <7)f-i':^;I/fflJlS^iii.T V^SCl i: S-!^ 

[iS^«2] ^dtS*±fc. i^lg. Geffl^BO 
atm%JJLhcOS i GeS*^^>^-5Ml cTj^ftcfl, ^ 
l/mneH 1 i 0 ^ < G e i G e « i, 

L< {iGe®*^/^5r.S.m2c0^f*c®AJJli<J:«®§ixT 

im^JMs ] ifrien i co^mi^m<7)m&^mi!^ i o e 
c m- 2 mTT-s> i,:it ^nwLt-t&n^2ssm<^ 

isfc. s i c: t $-!ftstfc-rsa*3B2ie« 

[|f*«6 ] tJSS i m<Dm^-¥2 n mOTT* S 
i: ^#^t-r5ff^2ie«<^4^#:^«. 

im^mi ] 3feJ^»*^±t, i^M. G e«&S3 0 
a t m%JiLh<0 S i G e JfCfcSH 1 c?)^^*:®, |f^e 
^lO^frjfct '9^<Ge^-^tfS i GeStL<« 
G e «-CS, 2 co^#:«*«ikaS § ixT S ^ 

TMt . mi^^i^mizmit>im^m.^b^zj: o s i 

m^t . WE^*® i *) ^< Ge W-^tf S i G eJS 
im^9 ] Wias i i: G e S:#tJ^*Ji{ixlf 

immm 1 0 ] msMfmmti. ts^xizx *) 5 

0 %fiiTcr>mm(,zmR-$tifcmm:(f^t:m\'^X»^itt: 



fz S i ii^Ttfi S i G e M±{C S i G e Sr-^tf^*.. 

tizX*)Sim{mt. loiB^*«i:0^<Ge$-^ 
tfS i Gefl2:^-^L,*^>SXS$-ff3<rfcS:#Sitt- 

[f»^ 12] m S i t G e S-i-tf^#c®JiXb- 
[fl^3S 1 3 ] l5iElHbJ!^{i . ^vSfeirx t i: 0 5 

COCO 1 ] 

^^^s=3^^^^s««. Rxmu^immcommjjmizm 

[000 2] 

im^i^m} muz^n^mf^x'smu-n^^^ifti 

[0b03]B13<i. Z<7)V'-ri^Ge^^^:^^;l'i:L 
xm\ ^3tSa5S$ff« p M h 5 y i?;^ ^n^(r> 1 5 
(SllcOta!5i5M) . *«3t{i»WT2-l 9 643 6# 

iCp-Sio. sGcq. 5A.7:7r®62, 1-Si 
0. 5 Geo. 5 GeX^—^rmeS. i-Gef-r^^ 
-'1^*64, i-Sio. 5 Geo. s Ge:^^~-VS6 
5, p-Sio. sGeo. 5®66, i-Sii_j, 
Gei,jl(x=0. 5^0) (S iGe^-^<yT;i) 6 

7, Tii^a-yh^-y-hmmeaimm^tLXu 
[0004] *«it{i, \^m>h^mY--rF'&T (m 

ODFET) i -Gef-r^-;P®6 4*»^|||tl. 

!t H- ti^iS^STftS P - S i 0 . 5 G e 0 . 5 ^^*<y 7 
r«62. i-Sio. sGeo. 5 GeX^— -9-^6 
5*>i^>f-\';t-/l'J16 4fc^-vUT**«l&$ixi.fey>. H 

t^c^^oT. U-f^GeCOlETlcO-^m^ 

[0005] C:cO«3ti:ISjKiO«jt«E . Mu r a k 
ami et al. , I EEET r a n s a c t i 
on on Electron Devices, V-. 
0I.4I, p. 8 57 ( 1 994) . iJitXY. , 
H. Xie et al.. Applied P 
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hysics Letters Vol. 63, p. 2 
^6 3 (1994) tCfcV^Tt^SilTV^S. 
C 0 0 0 6 ] 4:^. McO^mSii LX. Mf^lz^m'O 

iZi5\^XS i ^±^t^i)m^tlX\>'>i>(DX\ Zix(:>cO 
hyy'JX:^ltZis\^XitS i 'f-^r:^-JU<7)h9yi^:^^^z 
it^m ty- h-r-f Xfcfc v->T J: 0 :;'c# ^IEtt:ti*n#^> 

7>'i/'X^:^jt^Hl4{C^-r (^2c7)tei5W) . 

10 0 0 7] *«jtti, 2fs:?|HJ*^-^tfSf^^;l^-rt 
J:-?Ti^fcJ:t/iW^S^StLfe«3tr*S (T. M 
izuno, S. Takagi, N. Sugi 
yama, J. Koga, T. Tezuka, 

K. Usuda, T. Hatakeyama, 
A. Kurobe, and A. Torium 
i, lEDM Technical Digests 
p. 934 ( 1 999) ) . 

[00 081 3p:«5tTas i tt:iiS i Ge®7 1±I,Z 

s i f-^r^vp® 7 4 , y-hmimi 5 , y-hmMi 

% ■mm^m^ixX S i G e r a 7 3 , lA-f 

i ^^)vm 7 4 fcy-x ■ H 1 tm^^ 

tix^^h. 

[0009] 2Mi®-C-{±. V^-r^S i ^A-:t-;P7 4 izx 

[00 1 0] 4fc, 0l4tc^t7tJ:d'5:S'ftm:<?5S 
i Ge^N'«y7rJi7 3<7)ri:<S?^tMiifcl«Geffi^O 
S i Ge«2::fi-rS^*««<Og3t^rSi: LT. 
( 1 ) jiKSO I ( S i 1 i c o n on Insul 
at or ) ±(CS i GeSTXt^^dfez-vyP^^ft-rS^r 
^[ A. R. Powell et al., A 
ppl. Phys. Lett. 64, 1856 

(1994)]. (2) simLkizm^Lfdmim 

mmmtrMm ex it o fti?-^. f^t s i g e mmmm<7) 
~m^m^-t?>ijm Lsmmmms 03793 4^. 2 

9 0 8 7 8 7-^] , ( 3 ) m^^2<7)^mmt:i^m-l 

7mx'm\>^i^titzwm-( :^yni=>^^t t--mzx?> 
( s I Moxm) m^m±.<7)s i Gei^^wB^m^j: 
t'tm^^tix^^?>. 

[00 11] 



M<0^tCi3V^-C<i, S iGe.'N'-y7TJi6 20»${i: 
5OOnmfcV>3*»^0:*:#V->{Ifc:^-p-CV>SA«. ffio 
«iEtOta!*^JtC*3V^T i,^ 1 0 0 n in*>^> 1 u mBmH 
±cr)m^b^'oX\''^h. ZtmS iGe^-\>yyTme2 

co^&mm^yt-i^imL. i> ^x^-c^f\^m e a Iizslj^ 
'^^m&^m$.-^^htz^f,z-i^ts:m^xht. zcr)t 
v-x • h'i/-f ymwLmeQmr^b s i Ge^N'-y 

yrme 2 b(D^mi>zii^ p+ - nfg-^® ( p^-^;tvU 
<0;^) 43t{in+ -p«^® ( n^^':t-/W«0*^) 

[00 1 2 ] CL^T', S i Ge7<-y7ril6 2cOGeffl 
fig«5 0 a t m%mSJJ]Lhi:i§JV^^46. ^^'>' -yy 
(?)tt*<S i CO.'N'V' 'yy<7)m<7)7 5-6 0%^l,Z 

^1.. P ngj-^coit^-Y rx^msfifi, ibsmmtn 
r^^]K<7)2S, i^tc-eix-rixit^J-f--?.. Xtt^-vjr 

:k:^^mv$>t. L^i/i':>x. mi<7ymmi>zmftv 

—X ■ VU^ymMe 9tS iGeJ-S'yyTm6 2C0^ 

com^V'-^S>h\,^t:^ymm.iis i tc:Jt^2«f*^^4 
«ft^ii<^rSi:V^-pfS|jS*<*tS. SiGeA-y^r 
®6 24'C0«^2$::)>Lf^'J-i?mMt#i.l.i:. ^^I'Z 

•t. i>\^mz. iico'j-i'^mm-^fzisb^ GefflBKo 

ffiV>S 1 Ge.'N'-y7rS6 2 2rfied t . 4-S{4Gef-v 
^VPS 6 4 i: cO^iO^S^^^A^^^ < =5r D , ^-r ^tvP 

*5V>-C«4. GeM^*J5 0atin%JiUitOJ?V%SiGe 
^N'«y7r«6 2S:fiM-li:S'-5$:»^V^/ia6. V-X-H 
L-fyra. 3!>-I.V%{±Hl/-f y-a:^ra<7)U-:?'{4S i< 
-XiO h 7 y i^'X ^ icJt^-C^fif:*:^ < ^S *{4jgft 

[0013] mz. ||2<50ta!*^j£7)Ra,^SlC-PV^-CKE^ 
03 (b) tc, m2<r)m^mcr>^^^-JU]S:miz}5l,f 
S>'^'y^'^iS5:^-r. 113 (b) 3&^^^*>S J: 0 tC. lA 
S i 7 4 0{l«^^®<7)XJt^;l^^-{4 S i 

G e >'N'-y 7 rif 7 3 <7)««^^ffi<7)X^VWdr-- j; 0 t ffi 

TX ^*»{t I. i: . S J: 0 5fettA 

-fAS i^-v^^;U®7 4i:S i G ey>'>y 7rii7 3#H 

[00 14] 01 5{zm2(omim<Dh'^yi^:^^ bs 

i -MOSFET<7)«S (log (Id) -mm (V 

g) tt^^^K-t. m^com^^:2.^^^^-)i^(o^i>zx 
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L^**-?T. «liMOSFETS:f^f?l,3t^JC. m 

[00 15] t.tz.m\e\zmi<m.^m<r>vv:/-jx 

^J'tS i -MOSFETC7) (Vg (^r— -Vt 
h (iifflSE) ) -■ttSfPf#tt?rS^f . CiOJli^a;^^^ 

^cTj^ffi^^^/l-S i -MOSFETcOjKiWjtCjf^. 

[ 0 0 1 6 ] y-x-h'v-<>-ra, 

[00 17] tti. :^mMii±mmnmM h^y=JXi$' 
[0018] S7t, K-fCJKitfOS i Ge jfcoSjt^rSC 

mat. FET^imt^m<r>mi-^^-^Mt<r>mfb^ 

SOI±tS iGeS:Xf^Jri^^;P^« 
^fP$-ii-5;'::«){cr--;t-3!aa-t.i. i: . SO I Jf* 

[0 0 19] tfz. ( 2 ) cO:tt1^^^i3V^T«i, S i ^ 

0 6 c m - 2 S^O^Jgf Kii t T L * 3 i: vv3 Pfl 
[0 020] {3) l,ZiS\,^XiiGem]^im<-t&tT 

[002 1] 3is:^Hj{i^ Sl-fliMJitS i G e«^iSJtt- 
S^::3^)Jt:'9Geffl^2rlS< (3 0atm%JiLJi) tT 

[00221 

mi-^^m^±tizm^^itfzimmt . mmmf^±.t<z 



mx.f;:mmi^v^y=J^■S'imx.h^w^m.izis\^ 
X. «(ra¥^«:««, mssm^tmthm\,zm.»hix 

7t:GefflBg*i3 0atm%JiLhi^SiGefI^fc. MIE 

wmhwMm<r>mmi,zm'fhtifc. mibs i Ge«is 

<tO^<GeS:-^tfS iGefcL<{iGecO^-v:^;l^ 

[0023] 2|s:|%aj«. 3t^*±lC, ^g^K. G 
fig3i)i3 Oat m%JiJl±cOS i G e «*>^>^rl.ll 1 

ai^Btrffi^l <^^#cej; •3#< Ge ^#tf S i 
Ge®it<«Ge«*^^>^S^2 cO^*;i*^JIi<^ 

[0 0 24] tfz. *%BJ{i. S»»*Jifc. 
GefflfiS;*^'3 0atm%J.Xh<7)S i G eST'J>^^ 1 CO 
HffiB^lO^frSJ: '5^<GeS:-^tfS i 

G e st> L < <iG e mx'h^m2 <7)^i^mmmmm 

^iiX^j:l^immT$>& . 

[ 0 0 2 5 ] t fc, *^BB£0mii0^*i£*«C«0i?3t^r 

ati, 3d*»^±t:, ^Mfc, s i tGe fc^-i?tf^ 
f!rie^*«i:B!^tMa^M-r^ htrj: o s i g-ftip 

H(rie*^*;iJ:0^<Gef:-i-tfS iGeSS:^ 
[ 0 0 2 6 ] t fv: . *5|BJ<7)^ 2 C0^#:»«(7)«3§^r 

^m^±.izmum^irt-Lxms^-^tifzsimt 
tTMb . m^^ii^m^zwt■^mm^mr:l t i o s 

iS-fkHt. |fria^f*S<J:'9^<Ge^.-irtfS iGe 
[0027] 

[ m^commcomwi] :^wmzm s m^^^ hyy=j^ 

^^tif^y- hmstmt . mi-y-hmmm±^zm^^ 
iiriB^*ii«. mis^iSkhi^Mzm'^^K 

7tGem*^30atm%lJLhcOSiGe^iSt, OTe 

wmk^m<r>m^<,zmnhixtz. Mies iGe^j^ 

J;i9^<Ge$-i-tjS i Ge t, L.<{iGe<?5f-v;^:;HH 

m^mtx^^h. 

[0 0 28] Gefflfl£3&«30atm%ULjbOS iGet 
{iSii_«Ge^ (l>xS0. 3) X'm.^flhit-^ 

^X'^h. 

[0029] :^^mi>zmim^i^M:hyy>'X^<7)-^\ 

&^-r«fB&ii^ m 1 tc^t". 1 ±izmtm 2 
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h . m^^wmit. G e mmi^ 3 o a t m%iy_h<^ii; 

Gefi^<7)S i Ge>'^'■y7r«3 {W,l<r>^Wm) 
<<iGe®*-<i^i>^^;T-;l^Ji4 (^2c7)i{i##:;i) 

[0030] -t^^h-h^^mzi^^m^^ hyy=Jx 
^)^2±(c:i«Geffl^t7)S i Ge>'N'-y77-«3 
i:Ge;it,L<(±S i Ge®*^^,^^f-A'^-/Pii4*^^ 

-i.Wai*i>, ^it. Get>L<{iS i Ge^-v^^7l^iO 

[0031] JilT$ <i>tCpiffl(cMBJ-f 2. . 

[0 0 3 2] S i Ge>'N*-y7rJi3±l:j^^§ilS'f-lr 

JtVl^;i4C{±S i GeyN*-y7ril3i:f-v:t-/Pil4 to 

^MzX *)i-A'^-JUm4l,ZtH1r^Ge(r>iEn.tSj:X/mr^ 
crfmjm^S. i c7)IE?Lfe'it>'S^^»Jg$r:;^ifi{c±IflI 

[0033] 4^::, 021C, »icot^fi^t*l6Hgtc 

yw^wmf<ryvvim^u%<m^^7Tit. 02 

(a) {i, ai 3lc^-f^lcofi!*^tCffiS«^*h 

^cn>'^±mx:hh. 02 (b ) MmwzTTct^wfii^z'^ 
hn.^-m^ hyy=jx ^<7immziii,'fh v-:xmix\± 
Y\^^yms^<r>pnm^u^<mj<m-vs>h, 02 

(b) {,znit^^^n<r)m.m]W:Yyy>'x^i,zi5ux 

it. Wm2±.t,zj^^^ixtzSiGsi^-yyrmsb^ 
^:f;wii4i:(cy-x • Y\^^yw^6im^-^lxx\^ 

^■^i,zm\^fih. tfz. P n«-^ffi(^SW*«±ifi(cM 
iJ'-^SC:t. t5J:X/y-hVB^^Mfh^bizj:y)^-^ 
^^jum 4. S i G e >'^- -y 7 r a 3 >?)<V ^-fix t ^S-fkS 
I. ^ fc {c J; 0 , y-x- Ki/>f yPalcT)'; -^«giE(±m 1 

[0 0 34] ^tLtcML. 02 (a) iZ^-tmiiOt^ 



m<omn^^hyyi^x^(7)ms^l,zi3\,^XI,i. Ifv* o 
5 00nm) ^<-yyrS6 2±I,Z i -G e^^y:^}Um 
64RX/S iGe^^-/ym67imm^ilX\^i>. t 

i.. 122 (a) T{il22 (b) c7)*<(50^]K2*^'#=S 

^-^(j^mW*^'::*:^ v^<r t . y 7 rS 6 2 ^izm^-fh 

[ 0 0 3 5 ] H3 ( a ) ^WR^Z^h'^m} 

^•r. *^HJ<7)*n<cO«B£tC-r^i:B3 (a) 

I. i d fc. ^A- ^>!^;S ( G e ) 4 <7)fl|^^£0X:tvW^ 

-{is iGo'N'y^rJl (S io . 3 Geo. 7 ) 3c7) 

[0036] ^rt>\ fil!5f5<5DS i -MO S F ETtCtSV^T 

S^]K20SiiJ{i. S i G e t, L< fiG e ^^:tyl/a 

cOicMt. m^cr)S i -MOSFETtC>l?tLT{i, #JQ 

[0037] *^BJc7)«#^mh 7>'i^'X^{CfeV^■C 
{i, S iGe^N'-y7r«3 ( ^ 1 ) OKfirlg 

mifil 06 cm- 2 JJilT-C*SC:i:*«a* Wz 

•t^^tti<lii^?>. miiLmm±X OMtL<til 04 c 
m- SOTTAS. 

[0 0 38] tfz. S i Ge/<-y7Til3 (^1<7)^ 
#:« ) C7) G e m^coU S ;&^SI«e^l-%-T'S5 
t S i GeJ-\-yyrm3<^izU^;^i}<WmL^\i^<7)X'm: 

i^i^^uzKw x-oxmLm&^i&mtifzMzii 

S i Ge^N'-y7r«3 1 O^^ft:® ) <0 G e fflJiSliO 
[0039] *»HBOlg|1^«h 7y'>'X.^'tt3V%-C. 

<is i ^-v •yrJi*>'K{t^>^^Tv^s.r i:*-'as Li^. c: 
fLtcj: 0^^^b5yj^'x^<7)i8jrEgt:ib-JtSGe 
«MtfOS-fli^|5&<'. ^'-h^a7fc<7)^ffi3bs 
Geq^tcj^Jjg^^xSVSrKr. i,'>X^m^<^m±t: 
m<^tt-X'^h. $^>(w, J^*<SiGe^N'-y7Tffl 
3 COS i GeKl*|-ri,l^ffllS ( J: 
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il, S i GeyN'>y7ril3Sr/f-V^->'l';i4{CffiS^2. 

i§FG e fflfigcojg^ 2m^-rt^ii:mm-ch *) . 

[0041] 2(s:^HJcO^#:»KtCt3V>T«i, S i Ge 
^N'»/7r«3 c7)lii>itlg«*Jl0 6 c 

B3b-i>v^(±L s I <35*@^ 0 ^mmm^u'<Mz-t^^ 

i:*»'£il*^, K{4^«{4J:0»^L<{il 04 cm- 2 
[0042] *%H^cO^*SStCfcV^TJ4, S i G e 

[0043] tfz. mx.it:$:^m^z^^mm]mh^y 

'JX^miZHS i Ge>'N'-y7T«i:LT«Geffl^ (3 

Oat m%ja±) OS i Gem*^mm^tui^muimm 

t^i&^X-hi.. -?-tO]«Ge$IJi^<7)S i GegSr^rri.^ 

m/m2cr)^{ifimL(^imimt<zi5\\x\i. -^m^ 
±.{zm^^t\:tdmm±.i,zm.m. i> t < \mt?^mi<z 

e9tc{iB5€tt#fflS^tWi«!iat- 1, c: t tc J: "9 S i Sfli 

t nmz G e ^ fltzmiG e ffl^CO S i G 

e mco^^ mmz^oi:><r>X'hh, 

[OOAA\-t^j:h*>^GemL<r>S i i:Ge«^-^tP 
^#:«tK-fk355aS:llfrt i 1 1= cfc D . ffiG e ffl^CO S 

i i: G e jiSr-t-tf^^«cSc7)«B*-^> S i JSWMil?W 
tlSYk^^fLTS iS^bllSrJgri^L, $ fcG e JH^^tS^ 

m<^si}iGe^'ttt^wm'i^^zwm^ti^> zti 

{±. S i O2 <^S i -ora«^-^*>'Ge O2 ^;^0{±Ge 

mm^ii^m:mizsimi'tm^-t?>f.iibxh^. tti 

i^-oX Get^m&^tlXmG em^ff)S i GeMb S i 

[0045] z<7)b^^Lr.zs i K'f^:M&ie^g^cJtEt 

T^-riXtf J: V ^ . § ^> iZii^mzm S l G e y 7 

[0046] ^^m<^m 1 SVIg 2 j; ix 

{f, s i tGei-tts^mi^mifznLmimm, mm'j 
izim-im^m^x-imsm-th ^ t j: 0 g e is^** 

S i tGeS-^tf^NP^S+T-HJ-^CteSfcL, 



S i Gem'P<r>Gemmti^^-iZ^^> ^i<7im?:mx.i£ 
^^mi>Z^^m^^h^y'J:^:$'l,ZtHfi> S i Ge^-C 

••/yrmt Lxm^^na. g e a^^^^^-t j: t s i 
^mmmLfz±x\ mm.mm^ 1 o^ cm- 2 ot^- 

[0047] 04. laSS'MV-iTCixSriKHJ-rS. 04 

i G e ^■^tf^#:ii<7)g!-ft4'COG e ffl^ii-^B^iMBJ 
■r?.ia-CS)S, GeM^J&JS i i:Ge^#tr^f|fJl 

(S i 1 _ , Ge, ) cfT'GeJl^^j&i^MtSWf -1.*^ 

crm^k . mtiZ^ -^T S i G e AJjSS^^tSiS^ 

(rmm) (7)±Ammzx-ox^t?>b^x.xi^\ 

Hfc;R3&»'?B«^cfc Op*;^ iftm. G e {4S i GeM'Plzm 
tCS^^ 04) . 

[0 048] m5iiS itp(OGem^cr>t$M-S:b. K-fL 
tcj; K)^^m^hfz'OI,zS i Ge>&i?i«$ixSff$i:c^ 
W^Sr^-rSTifcS . 05(a) Sr^S t . |?HM;^fX 

*u 0 o%02 t'S).s.:^9 5o°cmLX'$>mi. msL 

^mmmi^tz±m'^X\'^^^bt<i:>:d>^ . 

[ 0 0 4 9 1 /ife' Wi<mm>mmmt:M.^ b, 95 

^ict3v^T«4-^Mi=G e i)<$>^msmm-t^ . #a«i^ 

i^m<^^fz^iziimm^^-ti, zcom^mm 
mz}nf?>m.m.^<Du^^^i&m-^fzMzi,i, ^ 

X'^itX\>\ ^(7)^Mz. ^mfS.^:^bLX^m^ 

nmmm-i^Ei^zitm-t^iox'. 5 o%izn^Ltzmm 
/fx^m\^i>bmmminm¥Mi-iz^^. mm:^zML 

•C+^b»;#^v-i^->'*i#A,ix?, (H5 (b) ) , -eco 
ti>b 5 0 %mzmi Lt:^:it!x t:m\^h^b tmt. 

[0050] * ^^m(r>w, 1 StXIS2<7)i?it:^tc 
J:tl{±\ S iK-fbM^^fiSttgg^Wtc^SrO. SiGeifi: 
S im.imb(r>^mtim^ X<^j:^ . SiGeJl(?DGe 

t>cr>mi:^zi:^ . m^^^-thzbti:<Ge)mbm 
mtbwi-wmin^f>zmix^h, tt.z. mm<^mx. 

[0051] micr>m^. 'l^i^iltz S i G e ji±tc$ <^ 

^ ^tt#S!i« h 7 y>':^9imm-rh a b tt^x-^ h . 

[00 52] 

[HSfiW (l«fi«?«i ) 06 k:, mio|IS£M<^^#^ 
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1 1 LT ( 0 0 1 ) S i a«^fflV^H?iS5df**±t: 

imm 1 2-e$>-s.ai^>a^K'fi:M. mi <^)^*«Tib 

i Ge^N'-y^TJll 3. m2cr)^^mVh6XM'. 

-hmMklsmWdrnm^ixX^^h. S i Ge^\'-y 
S 1 3 t f-^ ^vPil 1 4 tcfc tt b ^IsgiOMig 

-;^«M&t^ YV'^ y^m 1 9 *3 J:t;f^JSfc <7)RjHSJi 2 

[ 0 0 5 3 ] *3%B8tc:^.S.SI?^m h 7 V'i^';^:^' V> 

hLx\i. (001) ;t'ftT'{i^< . ^cm-^ii. mt. 

{f ( 1 1 1 ) W^. (110) S^KSrfflV^Ttm^. 
[0054] *^^B^CfI-2.«^^*b5>'i'':^;5'tfcV^ 
T ti. f-^ ^/I'Jl 1 4 0/1:$ 3 n mJ.:l±(?5Jl§ S) S 
^ tV-i, 3 n mJ.XhcOff$*>'je-gT'$)-?.a* 
ti. ^ A' U r<7)±W^^^^r ^-iVM 1 4 t^^ibh 

0, s i^wrmi 5cr>m^i^^Lxij^^^^)um 

1 4 coff $ {i:^-!5r < i: 3 n mtt^^^St ^rS . 
[00 5 5] t/t, f-r^vPill 4c0M/f«i:S i Ge^-s' 
-y 7 r « 1 3 COG e fflfiKtCJS t^l^M/SC J: -^T JilS 
^^fWt-r-l.. CTi-ff. Geffl^*«7 0atm%<0^. f- 

^-/t^Ji 1 4 Jf cO±R|{i 5 n m t ^ ^ . 
[0 0 5 6] *?&B^WS'S.mi^^*h9i^i^'X:5'tfcV> 
Tii. S i Gev^-y^rai 3cOli:$(±iiaWt::«iffi* 
Lis. Lii^Vy—hMiinoOn mOTcom-f!^ 

SlJ-^-g. JtifJtCf-^ ^VP® 14tSiGeA-/7r;il3 
^^*>-ltJt]Ki¥lif-^'^-/l^«f^*5V^T 3 5 nmmTT 

[0057] h y y=Jxm. S i G 

e 7 r « 1 3 COG e ffl^Ji 3 0 a t m%m±T'* 

S, S iGe^N'-x7r®l 3{C#^fLSGe|afiS;*5 3 0 
a t m %*^-C$> -S. i: ^-Y ^t-^l'ii 1 4 Ot/f^^*^':^ # < 
^03 nmm:C0J*ST'^ia'5rM*^'f#^a^<^§*^'^> 

X'hh. 

[0058] $^>{ca^L<{i60atm%l^JLh*-'aS 
tVi, S iGey^'•y7rSl 3cOGefflfii<;*^6 0atm 
%^m<7)^^ ^^:^)Vm 14^3 n miyjba«-^* 

.riltts S i GeyN'-y7rJll 3c7)Gefflfi£6 Oa 
t m%tC*hri. G e (Om^^mJS,^mi^t^3 n mf**»^ 

[0059] Ml/Zmt LV^G e|McO$eH{i, 6 0 a t 
m%m±8 Oat m%JilT-r-feS . CcOiRSfflS Oat 



h 7t*6c7)^^fflTS> S . -r^^*> . G e ai^gA^ 8 Oat 

e tc^tf-i. ^»;Sco 2 fgiJLhtc^ § . 
[0060] :^m^<7)m,^^^hyy=J:^^l,Zii\,-^Xli 
•^■v^)\^mi4liS i Ge^N'-y^rJil 3J:'?#<Ge 

4 60 G e ffi^*>-lSV ^{ J fdf -V U TWrnrntm <^^<DX' 
G e S*^^>^l>f-+^-;^Jl*^St»M^ LV^. 
[0061] *5|BHfc:«?.^^«h7y>'*X;J'JCtiV^ 

« 1 4 fcy- h^li 1 7 fccoStcfii^coS i ^-v-yr 

Jil 5imm^ixx\^hz.kim±i-\^. f-v^/i^si 
iizan^G emm<7im-\\L^m<\ ^h\,z^ y-v^mm 

1 7 fcc7)-^M**f-^:^yI^Jl 1 4 "ftc^g^^ii-S*?:!?^ 

1 5c7)MJJ{i. ISffiS::^t$-ti-irWc*^. 2nmUlTT' 
hh:ibtimif.L\^. l Ge^N'-y^rJll 3c7) 

G e ffl^** 8 Oat m%cDJ^cO S i ^^f ^ TMOmJ 
^^^mmi2nmX'hht^l^X'hh. 

[0 06 2] ^h\iZ^ icOS i=3f-\'<yrJil 5iPii^V> 

mJjLtcoKilT'S) I. ; *JM t L V ^ , 

[0063] s i ^-v >yr« 1 5 <r>^j:\^im.h'^mx'h 
So c:co«^. y-b«^lll 7 k UT. f^^SW^Sf 

C7){J*\ GeS'ftJK^fflV^S^itiJ^S. dcOGeM-fb 
MJi. CVD(Cj:Sit«coffi, Ge^MS-E^ry^^ 

I 0 0 64 1 *f|HBfc:«S«l^^*h^>->''^^t*3V^ 
Ty-h^»Ml 7hLT«i. ll7cOj:^^Zr>'U^ 
-h/Zr02 c7)jSilJK2rlBV^SC:i:*^T-^S. I171C 
t5V»TZr>'Uy-bJ12 l±fcrZ rOj JI2 2*^1^1 
^iXTV^S. -r^lTi^Uy-bfcfiS i O2 4»t-Zr, 
H f , L SL-^j:iL<7i-^i}mmVfzm9.X'hh. 

[0 06 5] ^fz. y-h^miK^mtLxits 

iK'ftJP ( s i 02 ) {±^>*>^^. s i g-ft;iK ( s i 3 
N4 ) , s iwmim (s io, ) , A 1 2 03 , 

Ta2 O5 . Ti O2 . Ya2 O 3 #cOSf^fl:#:y— b 

[0066] y-xfi^i;f K p i^^ii 1 9 c7)^{i 

y-h^l 0 0 nm]ilT<7)Jii^3 5 nmJJJtTt^}nii.=Srft 

^glT'S it5j:0fGe fcifeM (Co, Ti , N i ) fccO 
-fk^20 (i^U-if-fH. b-ti>^t 
l,zX^mi^iSi<mi.^:it-i}n'^^. 
[0 0 67] y-hmffil8i:LT<i. pMSJttinM 
tcK-tyi/$iTJt^!J S i iitti^'J S i GeS:fflV% 
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c 0 0 6 8 ] mz^ ^^mm<^%^^ v v y^jx^cD 

[0069] ^-r. S i S3 l±.l,zmb 

Ji^^g^-ftJK 32i3j;t^SOIJl33 timiS.^tifz S O I 
W^3A (SOlK3 3C0J»§2 0nm) ±tC. UHV 
-CVD&t^tiiMBE^iJtJiLP-CVDSfcTS 

io. gGeo. iM35S:56nm, Sia36$:5 

[08 ( 1 ) ] . ClOfc^SO lS«34i7)fti5 
0 S i S«Lh{cg|^kJ«&?^^ L/i»^, s i a^±(;: 

[0070] ortci, CO'^x>'N-S-S?-fL^tcf^ t-c 
JniaL. Ig-fMMSrffP. -eiilCiOS io. gGe 

0. 1 JK3 5J:'5i>#<GeSr-t-:t-t-I.S iGeJl (S 
io. 3 Geo. 7«) 3 7i:S ii!-ftM38*>jefig§ 
tih. miM*T'5 0%tc««?L;tS«;yx$rfflv%-C 
lOOO-CfcTl 6^ia. *^U^:S i Ge«3 7**8 
nmtC^:^tTB!-fE$:fi=^. ?>Sl,->{±. lOOO'C, 5 
o%M3iif3ii$rai!^l:a. 1 OO%S»(C«0#i.T& 
i: 8^132 O^J-KYt-r-l.. S>-i.V^(4. 1050*0, 50 

1 2 3 :H"B!-fW* , iaS5r 1 0 0 0 -CtCT 

(f. 1 oo%gt^-c-sB*ra2 o^e^k-rs. ss-ftcos 

S iGeas 7c7)Geffljjg«7 0a tm%{;:iia|i^ 
ixS [08 (2) ] . 

[007 1] C:C:T\ M-fkiS-KJiS i Gea3 7c7)ijuS 

1. -5 fc, G effl^7 Oat m%<7)^< G e J-^Wf-'S S 

1 Ge«3 7$-#SJtJ6t(i, S^W^^K^fflKJi 1 0 

2 5'CmTT'^fmtt'^'^>^V>. S!^LB§ra^M^^/i 

S i Gee3 74'OGeffl^(c;jEEt:.3tii6^^S 

[ 0 0 7 2 1 , SI i!-fkji3 s mmsm<7) 

CVDfttCTJf^SnmOS io. 3 Geo. 7 
€:^t-|. S i Ge.'N'-y7rJi3 7 ' , ff§5nm<0Ge 
*»<?>^ S G e f-v ^/P* 3 9 S:J«<Jag^-ri) . 
[0 0 73] Ge^^:t-;P®3 9±(CS i^f 

A-'/nt UTT^/W^rXS iJi4 0 5:2 nmtta-r 

3 0 ox;JiiTi-Wr*^^ s i js^ ( s i is-^s-tfiv- 

'yyf}Xt.fd,ti^>''7ViSX) ^m^'tfO,ti.\-^ [US 
(3) ]. Ge^-V'^-;P«3 9±fc:S iJl4 0^T^;I^ 



hfz^. s i^'^H^H^b-rat^tct^Mco^ii'ttjis/^^i 

[0 074]— ^r. Gef-\';tvl^®3 9±t-S i SrBS 

[00751 mz. mm ■ )m.<t^mm:^mx'T^)vy 

rXSiMAOmmiiZO. 5nin@JKc7)S il!-ftffi (la 

^i^mt. y-vmmtLxzrOz^Ai 

L. 5l#gg§=iK'JSiGe:>-'-b«ffi4 2&it«-r.|. 
m& (4) ] , <rf5B#. a«iSjg3i«5 0 0-CJjLhlc^: 
h<r>X\ T=^)VyrXSimAO\tmA^^LXmML 

[0 07 6] c:«J:5lctTf#<?>iX3t'>x>'N-fcy-x 
yxi^xtmm<,zLxv=7y=Jxi'{,zt\nL-th ma 

(5) ] . 

[00771 ^liT, 08 (2) {C^-rWGeffl^cOS 

1 GeJi3 7^^'rhmm.^%hfzib<7:>m<r:>-Hm^7rz 

-t. t-r. s i mwLtizm-^ lumcommmms i 

1 _ ^ Ge«« (x=0-*d. 1),JJ$1. 5um<r> 
Sio. gGeo. 1 ff§2 OnmiOS iSSrUH 

[0 078] of^'t::, ®?^-f;ty^Ma«JEl 60 k 
eV, H— Xa4x 1 01 7 at oms/cm2 i^A 
9 0 O-CT'^MtciiM^tJlSr 1 0 nm&.±M^i- 
S. ^'f;t>'2:fr^atfS iGe®c7)Geffl^3&il0 
atm%tffiv->c7){i, ji«?ff9-C%-^aa6a^^S!'ft^^ 
n%>fcif>T$>^. Geffl^*^'3 0atm%iil±T'(i. CI 

[Y. Ishikawaet al. , Appl. 
Phys. Lett., 75, 983(199 
9) ] . 

[0079] '^^'^zmm'^h-r*- ( o . 5%) i,z±tsT 
)V^yifxmw^^xi 3 0 o°c, 4 ^HT— 

b , Wm- S i G e 3 0 0 n mS»tcai6 

e*^#fi^$ix, mmntcs i 02 t^Srs. 

xVN-Sr*^ - mzl-^jgfc-r S i G e 5 6 n mtc 

[ 0 0 8 0 ] <5:fc, ®!3S#H^4'T-S i G e MifS n m 
tC^^ t X-mit-th G e *a^*J 7 0 a t m %tc: ^ Tit 
08 (2) <7)«jt**-C'#«.. 

(Iitfe0ij2) 09 ^2<Dmmm(Dm^^\-=7y=J 

ymi,<^mmtm^^:i t (.zmmth^mx(r)mn 
tinthitisb. mmi<r>meiiz9prrvyyi^x^{zii 
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- ( siis^ij 3 ) 12 1 0 (c. mE.<^mmm(7)i^^^ 

0. 3 Geo. 7 S5 iSrJtSL, y-X ■ HL--^ >-« 
1 OOnm^fJK LTV-i-l.. C:c7)«ji$:f^tg-r 

2mmmt^^x\^6. m^tizx-^xm^-^nfzG em 

M5 5atm%, jS§ 5 nmcomi W\'-/7tS5 2± 
{C:Geffi^7 5atm%, 1 0 nmc7)^20>'N'-y 7 
Til5 3*^aa^^^•Cv^i.. *SISfi^KcJ;ix{f. Ge-?- 

[0081] ^fc. z.<r>mmm<rmBmh lt. ^20 

(IISSM5 ) H 1 2 He fcr^rtm 1 <r)mmV>Z7F.-t 
[0082] 

J: iiJf S i - M O S F E T J: 0 1 {Sm«« 
liT'©a»#*^^|g=3rM I S F E T^^fl. d fc *<aj* 
•S, ifc:, in<^cOM I SFET2rfflV>T. ^J: 0 t 

[0083] :^wn<r)^wmL<r>^-^&ziitx.U. 

mL^m<om\ **o^&?i^sjLit;SGett^<os ig 

[0®c7)^*^iiBJ] 

[02] ^l(7)^M5fefi^«i:2^s:^BJ^^«-s«^mh5 

[03] *^BJ i: m 2 <^i^*a«tC« h 5 

0. 



S S i G e ^^tf^»*t!«SrS-fb+cOG e miHi-^^ 

[05 ] S i tfcTJG eM^<7)J£tS;*i: . m^zX 0# 
^i^raS>?t •? te: S i G e ilSH^ t tfOM^S:^ 

[06] IS 1 (rmm<Dm^^ y v y-j7.'S'<nm«k 

0. 

[07 ] b^^<7)-fi?ij^^-r«BS0. 

[08 ] i^msmtry^^^Y'yy^jT.^crm^-mi 

[09] » 2 <nmm<r>nm^^ v=7>-j:^9 <o«b& 
0. 

1^0. 

[0111 mi!H<7)||Sgfia|ir)m^?»» \-^y~J7.9<rM. 

B&0, 

[012] IS 1 c7)5lJFSM{cS^-r v^yi^:x9 
SrCMO S >'>'N'-:5' fc^ffl UJtfi?iJSr^-r®tB&0. 

[013] micrmmm<r>m^^mh7yi^xi^wm 

Sr^-rSf^0, 

[014] ^2 cot^*^JoSI!^^* h 7 >- i-'x iJ'^jt 
S-*-fSia»0. 

[015] m2cOl^mticr>hyyi^:^i^tS i-MO 
SFETc^SSS ( 1 o g (I d) -HE (Vg) com^ 

[016] IS2«t^*^J(7)h9>'i^';^^fc S i -MO 
SFETCO (Vg {y-hmS) -Vth (K^itt 
ffi) ) -«SS<OMfSS:.T^^«ftt0. 

[4*#oiiHj] 
1 • • • 

2 • • ■ Miiji 

3 • ■ • S i.Ge^N'>y7Tii3 (»I cO^l^^ffrJl) 

4 • • • f-A-^/I^JS (m2i0if^*Ji) 

5 - • ■ S^K 

6 ■ • • y-X«*S, HU-fi'«tS 

7 • • • ^'-Mg»^ 

8 • • • -r-hmM 
1 1 • • -^s^s* 

1 2 • • • 

13- • -mK^^mi^m (siGsJ<"/yrm) 

14- • - m2£^¥^*« (tA■r;^Ge*^^^S^A'^- 
/^a) 

15- • • S i =Jf^ 'yTJS 
1 6 • ■ ■ 

17 • - • y-hfmm 
18- • • -y- hmM 

19 • • • y-X«l^S.t>'Fl--f V^IIS 

20- • ■ ^mtco^mm2 0im^-^tix\>^^. 

31 ■ ■ -Sim 
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* 33 ■ • ■ 


SOIM 


38 • • 


■ s i mm 


. 34 • • • 


SOISK 


39 • • 


• Ge^-v^/PJi 


35 . . . 


Sio. gGeo. 1^ 


40 • • 




• 36. . . 


S i« 


4 1.. 




37 ■ ■ • 


ffiGH^cOS i GeJi (S i 0 . 3 Ge 


42 • • 
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[114] 



SiixGc. 



Si mtu 



l£IRJA<ji1<5'45 



mm 



Si M«c 



Sii-iGcx 



Si )Am 



GoMU& 



Go ^J)E 



[06] 



[128] 




r " 



[129] 



1 4 

I 3 



I 2 

II J 




1 6 
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Vg-Vth 
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(51) Int. CI. 7 
F^^«-i.(#^) 
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AB03 AC04 BA14 BA16 

BB09 BD05 

AA06 AA09 BB04 CC02 
DD13 EE04 EE08 EE09 
FFOl FF02 FF03 FF04 
FF09 FF26 FF27 FF28 
GGOl GG02 GG03 GG06 
GG13 GG19 GG24 GG28 
GG44 GG47 GG57 HK03 
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